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Abstract 
 
In the conducted investigations, aluminium dross, i.e. solid waste formed in the production and recycling of aluminium, was used as one of 
the basic raw materials to obtain a material characterised by insulating and exothermic properties, applied to heat riser heads in the process 
of iron or steel casting. The product was obtained by filtrating the slurry. In the raw mix, aluminium dross played the role of a refractory 
filler and a source of metallic aluminium, taking part in exothermic reactions. 
The trials conducted in semi-technical conditions, using prototype riser head sleeves, proved their good quality and effectiveness in the 
metallurgical process, comparable to the currently applied imported sleeves.  
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1. Introduction 
 
Aluminium  dross  is  the  main  solid  waste  produced  in  the 
process of obtaining or recycling of aluminium and its alloys. Its 
composition depends chiefly on the alloy grade and the applied 
technology  of  alloy  melting,  refining  and  protecting  against 
oxidation.  It  usually  contains  ca  20-50  %  Almet.,  30-40  %  of 
Al2O3, 10-12 % of fluoride salts (AlF3, Na3AlF6, MgF2, CaF2 and 
other), 10-15 % of chloride salts (NaCl, KCl) as well as chemical 
compounds such as CaC2, Al2(SiF6)3, NH4Cl, AlN and other [1]. 
The share of particular components of dross changes depending 
on  its  granulation.  The  thickest  fractions  contain  the  biggest 
amount of metallic aluminium, whereas the finest fraction (dust) 
contains mainly alumina as well as chloride and fluoride salts [2].  
The  currently  available  methods  of  aluminium  dross 
management  focus  chiefly  on  the  optimisation  of  its  metallic 
components’ recovery. The high share of a number of alkaline 
salts  in  fractions  containing  smaller  amounts  of  aluminium 
considerably hinders their recycling in metallurgical plants. Some 
of them  are purchased by  specialised companies from  Western 
Europe. The remains, characterised by low granulation, are stored 
at dumping grounds. This dross contaminates the environment by 
leaching the salts it contains to watercourses. Additionally, due to 
the  contact  of  some  dross  components  with  moisture,  harmful 
gases such as ammonia, methane or hydrogen sulfide are emitted 
[3].  
In the conducted investigations, dross produced in the process 
of aluminium recycling was used as one of the basic raw materials 
for the production of an insulating and exothermic material. Such 
a  material  is  used  in  the  metallurgical  industry  to  improve  the 
process  of  casting  feeding.  Sleeves  (coverings)  made  of  this 
material  are  used  to  protect  riser  heads  –  technological  excess 
metal.  After  pouring  molten  metal  into  the  mould,  exothermic 
reactions in the sleeve  are initiated due to high temperature of 
alloy  in  the  riser  head.  The  generated  heat  increases  the 
temperature of metal in the riser head, which delays the beginning 
and prolongs the time of metal solidification, and in consequence 
influences the  proper  course  of  its crystallisation  process.  This 
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thus reducing the amount of waste produced in the casting process 
[4]. 
This kind of material can be made exothermic by enriching its 
composition with raw materials that react with each other, which 
is accompanied by a release of big amounts of heat. These are 
usually mixtures of metallic aluminium or magnesium as well as 
iron or manganese oxides. In such systems the following reactions 
may occur [5-7]: 
8Al + 3Fe3O4 = 4Al2O3 + 9Fe + 3396 kJ      (1) 
4Al + 3MnO2 = 2Al2O3 + 3Mn + 11300 kJ      (2) 
8Al + 3Mn3O4 = 4Al2O3 + 9Mn + 2347 kJ      (3) 
4Mg + Fe3O4 = 4MgO + 3Fe + 1328 kJ      (4) 
If a raw mix contains an excess amount of metallic aluminium 
in relation to the number of oxidants, a part of it may burn in 
oxygen contained in the air: 
2Al + 3/2O2 = Al2O3 + 1676 kJ          (5) 
Initiating  the  above  highly  energetic  processes  requires  the 
presence of compounds which are subject to exothermic reactions 
at low temperatures. For this purpose mixtures of nitrites (NaNO3, 
KNO3) and fluorides (NaF, KF, CaF2) are usually used. In the 
temperature  range  300￷600 C  nitrites  of  alkaline  metals  react 
with metallic aluminium, which is accompanied by a release of 
thermal energy sufficient to ignite the mixture.  
10Al + 6NaNO3 = 5Al2O3 + 3Na2O + 3N2 + 25100 kJ    (6) 
The presence of fluorides facilitates the course of this reaction. 
An  additional  exothermic  effect  is  achieved  by  burning 
organic components added to the material’s composition, such as: 
sawdust, chips, quick coke or wood coal.  
Beside  exothermic  properties,  the  materials  used  in  the 
production  of  sleeves  must  also  be  characterised  by  proper 
mechanical strength throughout the transport and installation in a 
casting  mould  as  well  as  at  the  stage  of  alloy  casting.  “Cold” 
strength is ensured by properly selected binders. Usually thermo- 
and chemo-hardening resins are used for this purpose, whereas 
refractory raw materials added to the initial composition enable 
obtaining  suitable  thermo-mechanical  properties,  and  in 
consequence failure-free work of sleeves at the temperature range 
1300￷1500 C, depending on the type of cast alloy. To this end 
refractory clay, quartz sand or refractory scrap made up of high-
alumina and chamotte products are usually used.   
It is also important that the components of the material should not 
react with molten metal as this could have an adverse influence on 
its properties. 
 
 
2. Experimental part 
 
In the conducted investigations, aluminium dross was a basic 
component of raw mixes used to obtain insulating and exothermic 
materials. Two types of dross were used: waste produced in the 
process of aluminium chips melting (dross A) and waste produced 
in  the  process  of  beverage  can  melting  (dross  B).  Due  to  a 
potential reaction of the alloy with alkaline metal salts contained 
chiefly in the dust fraction, 0,5￷2 mm grain size distribution was 
applied. The chemical composition of these types of dross (Table 
1)  indicates  that  they  differ  chiefly  in  Al  contents,  both  in  a 
metallic and oxide form.  
 
Table 1. 
Chemical composition of dross used (size distribution 0.5￷2 mm) 
Contents of components  Share [%] 
Dross A  Dross B 
Metallic Al  30  23 
Al in compounds (chiefly as Al2O3)  25 (47% Al2O3)  27,5 (52% Al2O3) 
SiO2  0,54  0,2 
Fe2O3  0,23  0,23 
CaO  0,19  0,25 
MgO  0,14  0,16 
Na2O+K2O  2,93  3,89 
F  0,30  0,42 
 
Dross contained in raw mixes accounted for 40% of the share. 
At the same time it played the role of a source of refractory 
alumina and aluminium necessary for exothermic reactions. 
The following were also used in raw mixes: 
  metallic aluminium in a form of chips (< 1 mm) and dust (< 
0,06 mm), 
  rolling scale, containing chiefly FeO (75%) and Fe2O3 (20%) 
 as an oxidizer;  
  soda nitre  (NaNO3) and cryolite (Na3AlF6)   as initiators of 
exothermic reactions; 
  quartz sand – as a refractory filler; 
  mineral wool and paper waste – playing the role of fibrous 
raw materials, influencing the final structure of the material.  
Thermo-hardening resins were used as binders: solid novolak and 
liquid carbamide-formaldehyde resin.  
The material was obtained by filtrating the slurry. To this end, 
suitable amounts of selected raw materials and binder were used 
to prepare a water suspension, which was filtrated at the pressure 
of ca 0,1 MPa.  
In the conducted investigations, the influence of the type of 
dross and binder as well the impact of the share of quartz sand 
and  mineral  wool  on  the  material’s  basic  properties  was 
determined:  apparent  density  and  compression  strength  after 
drying  and  firing  at  1450 C  as  well  as  refractoriness.  The 
investigations  were  carried  out  for  samples  in  a  form  of 
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It was found (Table 2) that the type of dross and binder used 
does  not  influence  basic  properties,  i.e.  apparent  density  and 
compression strength of the obtained materials, both after binders 
hardening at 150 C and after their firing. Refractoriness of the 
examined materials reached ca 1570 C. Increasing the share of 
mineral wool from 10 to 15% (batch 3) reduced the material’s 
refractoriness by 20 C. 
Moreover, investigations into thermal properties of the obtained 
materials were conducted in a device which allows determining 
the amounts of heat carried away or supplied in the measuring 
process. The results were recorded in a form of graphs showing 
the loss of heat of the examined material sample versus time. The 
result of heat loss measurement for the model sample made of 
technically pure Al2O3 was assumed as the reference level.  On 
the basis of the obtained dependencies, the duration of exothermic 
effect and FIV (Final Insulating Value) was determined –  the loss 
of heat from an examined sample of material after measurement, 
i.e. after 45 min. 
 
Table 2. 
Basic properties of experimental insulating-exothermal materials 
Set  Characteristics 
After drying 150 C/8h  After firing 1450 C/2h 
Refractoriness 
[ C]  Apparent 
density 
[g/cm
3] 
Compression 
strength 
[MPa] 
Apparent 
density 
[g/cm
3] 
Compression 
strength 
[MPa] 
1 
share in the batch including: 
- 40% dross A 
- 15% quartz sand 
- 10% mineral wool 
binder: solid resin 
0,99  1,34  0,96  2,05  1570 
2 
share in the batch including: 
- 40% dross B 
- 15% quartz sand 
- 10% mineral wool 
binder: solid resin 
0,95  1,05  0,92  2,50  1565 
3 
share in the batch including: 
- 40% dross A 
- 10% quartz sand 
- 15% mineral wool 
binder: solid resin 
0,97  1,29  0,93  2,05  1550 
4 
share in the batch including: 
- 40% dross A 
- 15% quartz sand 
- 10% mineral wool 
binder: liquid resin 
0,97  1,14  0,93  2,30  1570 
 
The investigations showed that the materials have exothermic 
properties, the duration of heat release by the material ranging 
from 14,5 to 19 minutes, depending on the initial composition 
(Table 3).  
 
Table 3. 
Thermal properties of experimental insulating-exothermal 
materials 
Batch  Exothermic effect duration [min]  FIV [KW/m
2] 
1  1570  19,0 
2  1565  17,5 
3  1550  17,0 
4  1570  17,2 
 
In the case of materials produced with the participation of 
dross A, characterised by a higher share of metallic aluminiu m 
(batches 1, 3 and 4), two consecutive exothermic effects were 
observed on the graphs showing heat losses versus time (Fig. 1). 
The first, bigger, short-lasting effect is followed by another one, 
which is weaker but slower, probably related to the reactio n of 
oxidation  of  the  excess  (in  relation  to  oxidants)  amount  of 
metallic aluminium with air oxygen – reaction (5). In the case of 
material containing dross B (batch 2) only one strong exothermic 
effect  is  observed  (Fig.  2).  The  material  made  of  batch  1  is 
characterized  by  the  highest  insulating  properties  expressed  by 
FIV coefficient, reaching 19 KW/m
2. 
Performance tests conducted in industrial conditions were based 
on the results of investigations into the properties of exothermic 
and  insulating  materials.  Two  batches,  differing  in  the  type  of 
dross:  batch  1  and  2  were  used  in  the  tests.  By  means  of  a 
specially made mould for cylindrical shapes’ filtrating, sleeves in 
the  form  of  rings  having  the  following  dimensions:    OUT  = 
135 mm,  INS= 100 mm, h=150 mm were made from the selected 
batches. The sleeves were subjected to an alloy casting test. Cast 
steel with the casting temperature of 1580 C was used. 
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Fig. 1. Heat loss from the test sample versus time – batch 1 
 
 
Fig. 2. Heat loss from the test sample versus time – batch 2 
 
The investigations revealed that the tested material was not 
damaged as a result of casting. A turbulent release of sleeves’ 
gaseous products, which cause metal spattering and alloy gassing, 
was not observed, either. Visual observation of the cross-sections 
of riser heads which were obtained by using the sleeves made of 
batches 1 and 2, compared to the riser head obtained by using the 
model  sleeve  applied  in practice  (Fig.  3)  confirmed  their  good 
insulating  and  exothermic  properties.  Assuming  a  constant 
volume  of  a  shrink  hole,  its  reduced  height  allows  using  riser 
heads with a smaller solidification module and a smaller volume.  
 
 
Fig. 3. Riser heads obtained by using the tested sleeves 
3. Summary 
 
Trials were carried out to test the possibility of using dross – 
waste formed in the production or recycling of aluminium – to 
obtain an insulating and exothermic material for riser head sleeves 
applied  in  the  metallurgical  industry.  Properly  composed  raw 
mixes, among others containing dross, raw materials which are 
necessary  in  exothermic  reactions  and  ensure  a  material  with 
suitable mechanical and thermal properties, enabled obtaining a 
material  characterized  by  good  thermal  properties  as  well  as 
sufficient mechanical strength, both at the stage of installation and 
alloy casting. The trials conducted in semi-technical conditions, 
using  prototype  sleeves,  revealed  their  good  quality  and 
effectiveness  in  the  metallurgical  process,  comparable  to  the 
currently applied sleeves.  
The conducted tests confirmed the fact that the obtaining of 
an insulating-exothermic material may be one of the directions in 
the utilization of aluminium dross, which being arduous waste for 
the environment is currently stored at dumping grounds. 
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